abstract OBJECTIVE: The goal of this study was to describe the frequency, characteristics, and outcomes of children who require early unplanned admission to the PICU within 24 hours of hospitalization from the emergency department.
INTRODUCTION
The identifi cation and management of evolving critical illness are paramount to patient safety. Hospitalized children admitted from the emergency department (ED) may initially appear well enough to be admitted to the general inpatient ward but later experience signifi cant clinical deterioration and subsequently require unplanned admission to the PICU. Children admitted to the PICU from hospital wards have a 1.65 times higher risk of mortality than children admitted directly to the PICU from the ED. 1 Implementation of rapid response teams is 1 strategy recommended to improve patient outcomes through the early identifi cation and management of ward patients whose condition is deteriorating. 2 Initially intended to decrease ICU admission rates and severity of illness at ICU admission in resource-limited adult hospitals, introduction of a rapid response system (RRS) by using medical emergency teams (MET) in pediatric hospitals may be associated with improved outcomes for patients whose condition worsens while on the hospital ward. [3] [4] [5] [6] A recent multicenter study investigating the use of a pediatric RRS found a 20% reduction in mortality for children requiring unplanned admission to the PICU after implementation of a MET. 3 Many studies have also attempted to provide clinicians with scoring systems to help identify high-risk hospitalized children who are more likely to require unplanned admission to the PICU. [7] [8] [9] [10] [11] Although 1 recently published predictive score used nonvital sign patient characteristics to identify children at high risk, 7 the majority of these scores were based on changes in vital signs. [8] [9] [10] [11] Given that a signifi cant number of pediatric MET activations occur within 24 hours of hospital admission, 12 it may be possible to identify factors present at the time of hospital admission from the ED that are associated with clinical deterioration in pediatric inpatients. The purpose of the current study was to determine the frequency at which unplanned admission to the PICU occurs within the fi rst 24 hours of hospitalization from the ED, and to describe the clinical characteristics and outcomes for hospitalized children who required early unplanned admission to the PICU.
METHODS

Study Setting
This study was conducted at the Children's Hospital of Eastern Ontario (CHEO) in Ottawa, Canada. CHEO, a freestanding, tertiary pediatric hospital affi liated with the University of Ottawa, has 166 beds, including 10 ICU beds. The hospital admits >6000 patients each year.
Medical Emergency Team
The MET at CHEO is composed of a PICU physician, a critical care nurse, and a respiratory therapist, available 24 hours per day, 7 days per week. The MET can be "activated" by any health care provider on the hospital ward (eg, resident, nurse, respiratory therapist) who has concerns regarding the clinical status of a patient, by using the previously published, age-specifi c, physiologic criteria for MET activation identifi ed on posters throughout the hospital ( Table 1 ). All MET members are simultaneously notifi ed of the activation (through dedicated pagers) to coordinate a response at the bedside within 5 to 10 minutes of activation. The patient is assessed by the MET, and if necessary, the patient is transferred from the inpatient ward to the PICU, referred to as an unplanned admission. Since the implementation of the MET at CHEO in January 2007, the only way that pediatric inpatients can be admitted to the PICU directly from the inpatient ward is via MET activation. The MET has entirely replaced PICU consultations for inpatients. The MET at CHEO has >200 activations per year, with ∼30% resulting in an unplanned admission to the PICU. 
Methods of Data Collection
After approval by the CHEO Research Ethics Board, an audit of prospectively collected MET records was conducted to identify a case series of pediatric inpatients who had a MET activation that resulted in transfer to the PICU within 24 hours of hospitalization during a 24-month period (February 2009-January 2011). A time duration of 24 hours from admission to hospital was selected based on the literature, which suggests that changes in these physiologic parameters may be present up to 24 hours before clinical deterioration of acutely ill pediatric patients. [8] [9] [10] [11] Children who were not admitted via the ED were excluded, as were children who received a general anesthetic between the time of their assessment in the ED and the MET activation, given that an anesthetic could signifi cantly affect their hemodynamic parameters. The hospital charts of eligible children were retrospectively reviewed by 2 trained research assistants to collect information, including patient demographic characteristics, medical history, chief complaint on presentation, vital signs, and results of initial laboratory investigations in the ED, interventions in the ED, admission and discharge diagnoses, time to MET activation, interventions in the PICU, and PICU length of stay.
Data Analysis
Preexisting medical conditions, presenting complaint, and admission and discharge diagnoses were coded into the following categories: respiratory, cardiac, gastrointestinal, genitourinary, neurologic/neuromuscular, endocrine, hematologic/oncologic, and infectious. Vital signs documented at triage and before transfer to the ward, as well as extremes of vital signs (eg, highest heart rate, highest respiratory rate) documented at any time in the ED, were coded as normal, high, or low, compared with the same age-based norms cited in the MET activation criteria (Table 1) . Laboratory values were coded as normal, high, or low, compared with age-based norms used by the CHEO hematology and biochemistry laboratories.
All data were entered into an Ac cess database (Microsoft Corporation, Red mond, WA) and analyzed by a statistician to provide descriptive statistics, and were summarized as percentages, with median and interquartile ranges (IQRs) provided for continuous variables.
RESULTS
MET Activity and Study Eligibility
During the 2-year study period, 8193 children were admitted from the ED, and there were 413 MET activations. Of these, 41 children met inclusion criteria for the study, having had a MET activation that resulted in transfer to the PICU within 24 hours of hospitalization. Two patients were excluded because they received general anesthesia between the time they were assessed in the ED and the time of the initial MET activation. Therefore, 39 patients were included in the analysis. During the study period, 4 children not admitted via the ED had a MET activation that resulted in transfer to the PICU within 24 hours of hospitalization and were not included in the analysis.
Patient Demographic Characteristics
Of the 39 children included in the analysis, 64% were male (n = 25) ( Table 2 ). The median age at admission for the study group was 14 months (IQR: 3-71), with 46% of calls being for infants aged <1 year. Respiratory diagnoses (ie, bronchiolitis, asthma, pneumonia, croup) were among the most common reasons for hospital admission in these study patients (59%), followed by infection (eg, rule-out sepsis, fever) in 15% of patients.
Clinical Characteristics
Many of the children in the study group (51%) had ≥1 preexisting medical condition, most commonly respiratory disease (26%). Other preexisting medical conditions included neurologic/ neuromuscular (15%), gastrointestinal (13%), genitourinary (8%), cardiac (5%), hematologic (3%), or endocrine (3%) conditions. While in the ED, 56% of the children fulfi lled at least 1 of the MET activation criteria (46% for tachypnea and 33% for tachycardia). No children fulfi lled the activation criteria for hypotension. However, >30% of patients had no documented blood pressure measurement while in the ED.
Laboratory derangements (Fig 1) included abnormal blood gas values (49%), glucose (33%), electrolytes (33%), lactate (20%), white blood cell count (23%), and hemoglobin (13%).
ED Interventions
Interventions initiated in the ED are shown in Fig 2. Administration of supplemental oxygen >6 L/min or frac tion of inspired oxygen of 40% to main tain oxygen saturation measures >92% was required by 23% of patients. Nebulized medications, including hypertonic saline, salbutamol, and epinephrine, were administered to 46% of patients. A fl uid bolus (ie, isotonic saline in an amount of 5-20 mL/kg) was administered to 33% of patients. One or more intravenous antibiotics were administered to 33% of patients. The median time from triage to antibiotic administration was 3 hours 20 minutes (IQR: 2-6). PICU was consulted for only 13% of the study patients.
Outcomes
As demonstrated in Fig 3, 
DISCUSSION
During the 2-year study period at CHEO, 3% of all hospitalized children required assistance from the MET (32 activations/1000 admissions). In the pediatric literature, the use of METs vary and range from 2.8 to 44 activations per 1000 hospital admissions. 4, 5, [13] [14] [15] [16] The rates of unplanned admission to the PICU via MET activations range from 30% to 57%. [3] [4] [5] [12] [13] [14] Whereas most of the RRS literature does not comment on timing of MET activation in relation to hospital admission, Bonafi de et al 12 recently reported that nearly 40% of the 780 MET activations in their study occurred within 24 hours of hospital admission. Furthermore, ∼41% of those patients seen by the MET within 24 hours of hospital admission required an unplanned PICU admission (C.P. Bonafi de, MD, personal communication, 2012).
The results of our study revealed that nearly 10% of all MET activations were both within 24 hours of hospitalization from the ED and resulted in an unplanned admission to the PICU, with >70% of these children requiring a signifi cant intervention. Given the variability in duration between admission to the inpatient ward and the MET activation, it is likely that our study population consisted of 2 groups: patients who were mistakenly triaged www.hospitalpediatrics.org and arrived on the ward critically ill, and patients who rapidly deteriorated after admission to the ward. The small patient population included in this study prohibits further exploration of characteristics that may distinguish these groups. Prospective study by using electronic documentation of vital signs would allow for the collection of multiple data points for more detailed analysis.
Male patients and infants aged <1 year, as well as children with preexisting medical conditions (particularly respiratory disease), were prevalent in our study population. These fi ndings are similar to the data published by Kinney et al, 13 who reviewed the charts of 172 pediatric inpatients requiring MET activation and found that infants aged <1 year were overrepresented (43%) compared with their baseline rate of hospital admission (14%). Kinney et al also showed that 49% of children who required a MET activation had ≥2 preexisting chronic diseases. Similarly, Bonafi de et al 7 also used age <1 year, diagnosis of epilepsy or congenital/ genetic conditions, and history of transplant in their score to estimate probability of clinical deterioration after hospital admission.
Kinney et al 13 also found that the most frequent reason for MET activation was respiratory compromise. Similarly, a large majority of the children in our study presented to the ED and were admitted with signs and symptoms of respiratory disease.
Future studies comparing our study population with a control group of children who did not require early unplanned admission to the PICU are required to determine if factors such as gender, age, and respiratory conditions are associated with clinical deterioration after transfer from the ED to the hospital ward. In addition to these clinical characteristics, preexisting chronic medical conditions, ageadjusted abnormalities in heart rate, respiratory rate, and laboratory values (particularly blood gas values), as well as need for interventions including nebulized medications, intravenous fl uid, antibiotics, and high amounts of supplemental oxygen, may be potential indicators of increased risk of clinical deterioration after hospitalization. There are several limitations to the current study. This was a retrospective chart review limited by the ability to extract patient information from medical records. It is possible that some information, particularly regarding the presence of a preexisting chronic medical condition, might not be available from these records. In addition, the clinical signifi cance of these conditions may be wideranging, depending on the severity and duration of disease. Another limitation is our small sample size. This study received limited funding, which restricted our sample size to eligible cases over a 2-year period at a single institution. Thus, no comparison group was examined to determine if children who do not require unplanned admission to the PICU within 24 hours of hospitalization also have similar clinical characteristics or if these are signifi cant early indicators of clinical deterioration shortly after admission. The results of this study also may not be generalizable to other institutions. Finally, because of the low mortality rate in pediatric medicine, it is a relatively poor outcome measure. Although the current study also included need for life-sustaining therapies (eg, noninvasive positive pressure ventilation, endotracheal intubation, vasopressor infusions), and length of stay, these factors may not be the best indicators of morbidity in this patient population.
CONCLUSIONS
The fi ndings of the current study suggest that it may be possible to identify children who are at increased risk of early unplanned admission to the PICU based on clinical characteristics noted in the ED at the time of their hospitalization. A well-funded, multicenter study would allow for a larger sample of cases and the inclusion of a comparison cohort to identify factors associated with early unplanned admission to PICU.
